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SUMMARY
The zonal and tesseral harmonic ; oefficients for the geopotential function are
given in unnormalized form, from zero to 18th order.
INTRODUCTION
The coefficients of the geopoten .ial function, both zonal and !esseral , are
usually published in normalized form so that all coefficients have about the same
order of magnitude. Although this practice is useful, it obscures the actual mag-
nitude of the coefficients. This type of publication results in an unwieldy reference
for computation purposes, and it requires the evaluation of lengthy factorial
expressions to arrive at useful data. This report has been prepared to provide
the user of the coefficients of the geopotential function with a ready reference for
the zonal and tesseral harmonic coefficients. The data for this work were obtained
from reference 1.
DISCUSSION





EPnm (sin (p) ICnm cos (mX) + Snmsin (mX)l
m=0 	i
where gF is the gravitati;rial parameter, having units of length "/time 2 ; r is the
magnitude of the pos<t'.on vector to the point in question, having units of length;
RE is the equatorial radius of the attracting hvdy (in this case, the Earth), having
units of length; Cnm and Snrr rare the harmonic coefficients; Pnm (sin (p) is the
Legen-Ire polynomial function of degree n and order m given by the expression,
rn	 1	 (-1 ) tOn - 2t)!	 n-m 2tP	 (cp)nm (sin cp) =cos	 n ^ ?(n - t) , (n m	 t) , sin	 (^)
2 t=0
where Q is the greatest integer eq-1:Z.i to (n - m)/2 if n - m i3 even and the
greatest integer equal to (n - m - 1)/2 if n - m is odd, y is the latitude of the
point in question, and X is the east longitude of the point in question.
The ;.armonic coefficients are further classified as follows. When m = 0,
the harmonic coefficients are called zonal; when n # m, the harmonic coefficients
are called tesseral. For the particular case in which n = m, the harmonic
coefficients are called sectorial. It may be seen from equation (1) that there are no
zol.al Sn0 coefficients. Further, C n0	 Jn0 "here Jn0 refers to the usually
published zonal harmonic coefficients. The term C 00 = +1 as the geopotential
function is associateL, .,fith an inverse square law of attraction. Tables I and 11 con-
tain the unnormalized harmonic coefficients C nm and S nm ,
 
respectively. The





nm	 (n + m)!	 Snm' Snm	 (3)
where Sm0 = 1 for m = 0 and Sm0 - 0 for m # 0.
CONCLUDING REMARK
Thy information presented in this report is in a form designed for immediate
use for either hand or machine computation of the geopotential function end its
gradient.
Lyndon B. Johnson Space Center
National Aeronautics and Space Administration
Houston, Texas, April 21, 1976
986-16--00-00-72
REFERENCE
1. Gaposchkin , E. M.: 1973 Smithsonian Standard Earth (1I I) . Special Rep.
No. 353, Smithsonian Astrophysical Observatory (Cambridge, Mass.),































































































































































































nO t_O t-O o mO
























































































1 1 1 1 I
toO tpO [O nO WO nO coO WO mO mO coO toO mO
























































































0 0 0 0 0 0 0 0 0 0 0 0 0 o
















































































































t0O l0O tDO t0Cl tDO
t-
O tDO t0O








































































p .-1 N M - N tD t- m a O .^ N M V' U7 t0 .N-t m
ORIGINAL PAGE IS
OF PWR QUALI'T'Y
1O °° w m°:°; «
I 1 1 I 1 I 1 1
O 10 O CIA dl n n OI
W V f^. Ot to 10 CIN W V In t- .+ n MO^ n t- T n O W V01 m V N O W d' G
n
^i Mn v OI n tW-r1 M t- Cf W .^ U
O I I. 1,
N to t0 ao n n 14 rn ao
^ I I I ^








NO V O/ OD N +1 Cl M OD 1nt0 OD O 10 O N t- V
n t- n In C + t0 .^ N Vd' 40 M T N O V N IL
un tT M t0 M t°J M .r M
In a ., ^r .. v a .^
R R to N 10
14
t0 n n o>I
1 1 1 I 1 I 1 1 1













nO W t-n n d' OD f- Mt0 1A O W -!' t0 M O OIt0 Ir M n N N N t0 t0 nN N M
E - -






































OL 10 O N n 10 OD O M tD
N W f- d' u] R V t0 t0
t0 W V Of N OI R cn t0 n W
.-. 1D N d' V+ O M .-+ N MN n m M N N V7 R
N r+ N N M R V R R t0 In W
rl ti N H ti ^-. r-1 r1 .y ...1 r1 . H
^ ' 1 1 I 1 i I 1 1 1 1
.-t N O V n t- un O V O t0ti V N O 07 Q/ d' [- O O M
n N O O OD M 00 ["^ d' p OD O M01 N Oi N O M 111 n to 71 N 11
























t0DD O OD tp N n In M W t0 n Ln .^
tD TO Mv .-1N --1M nM NN MW MW MO Mt- OM .-+M u'im
W W V Ul d- Ln .+ CD O 0l n -• TW O N Vr M O N n to m .-^ 0)
t- Oa n d' u) In O N M t0 n V f-O .-t N t0 tD N O M .^ tD 1"t ^ 1f7
O
I
I• I• 1• 1• I• 1• 1• I, .






















.— -- V tf'1 toN N N
ON Mm N
Ih M OV1 to VmM Om
M m
Ct tD t7C14 t0
O
N M M !N N N N
m V n t-
O O W) NM to V
n to DD o
V tD N Ct
N M M t0
t- ti 01N totp N
C
.li N N M V
N N N N N
1 I i I
n t0 Ot Vf M










CID M n V
m M V t0 Ot
M
tm N .+ n
O 1• I•
to O N Nr N N N N N
Im M M n IDIn O N V to N
ty O n V N V m
m M M m t0 ON n O m M
N V O t7t N n
u7 N V tD M nN N m .^ t0 N
C
1. I.
OD Ql O O — N
rl rl N N N N N
1 1 i I I i
to to 0) m M O M








Of C,O N n m fnn O O t0 V N NV n M n n 01N OD IO n 01 mO














































































' nNty M r+ M n N N n
O


































































n M In M M f a N t{7 4 t0 l'9.
O^ I
.JO mO mO p,O ppO ^O TO O[O O[O OIO



















































































n N 10 11 In .+ • [D O
C4
N N
O 1 , I i I 1
E o0 w0 to0 t-0 n0 n0 a0 m0 m0 a0 m0 a0 to0



































































































































































































-tMN f t0 V
1 I• I 1 IO	 O O
O
-_.
p	 .	 N cn
f
u'7 tD N DD O/ O
.-^
N M f u^ t0 N OD









t_ t- to 0 0 of o 0
•+ .+ .^ N N N
M I_ M ♦ M t0
t0 O tD N tG O M_ tb N N N tT to
'+ N N 67 N OI N M
t- f ♦ rD to t0 MO' O N OI O M to t0
t- N 1p
U'1 N .^ OI tD N ^
O
to tG 10 m - W Ot m to
N m W M t- N NO W N w M Ir m M V r'
•-^ t- VI .n
In
.n b m O t0t0 M w e+i O v O v mt0 W O Q N t0 ODO v m m N n t0 tDM N N w to
♦ t- w .+ .+ ♦ M N
O
f ^!. N tD N tD W t0 N CDti ...I rti rti
I
N tr.l N ..+ .r .-.










MI- MW .-.M tom ♦M tTN QOO tD Qt O ♦ r N M t7f
V t- N to t- t- O M t0 O
w Q O M M QI tD M




.♦i ^ u'^ to tD ^.-. .^ .-. ..+
I 1 1 1 1
M W Os ^! M t- tp O O O
W t-In WN ODt- 0m Jft- Cht- C NtT M')t- IrO OvW v Vr M .-. 4 O O t- t0 WW m N -W M y' M M M
t10 Q O to t0 W tD N ON t0 N'f _ N u9 WM W N r+ M N OI H ^+
N N M M e 11'9 to eD to to
' I I  I




t0d' tT tD N to to O to M tD tp t0
t- Ow
toDI Mto NW MtD
t-
tD t-N MID t-Q toto M n
O m
-W N to m W W O1 tD mn to to N N N O M N M
tD N W W M O ♦ W V M !n ►^N U9 N .r t- cm O .r
O I I I
1 1 I 1 1 1 i I I I I I
.+ O Ln In N In N M to w to N tDW ao OI to to Im N t. v O O
t0 NtD wW Nm
tDt0 t-M toN O^n tDM NW W .-.tT WIO t-t-
en M N t- O N t- M N N a} m VM to ♦ t0 d' a O to •!' N Ch t-



























m W)tD V N O
Oul)
uY V7 ^M f P'f
O ^
N M -W 0N N N N
t0 N
E' .^t u^i M M n
n M IA N
r M .^ OI
m t- r to
tD M M NN r
O
N N M t•1 MN N N N N
O Ol O Ln .r
Oi to C7 O M
to M N t- N
W M m r
In W Q' O
N m to Q NN r W t-0 t- to N
O i i
Ct O N N NN N N N N N
m to r cn m OM N h- rl t^ d'




o n of to
t^l 1 - N M U"1
tp 4 Q Q .t}
N M r+ ^ N ^'
co t l) tT O N
ti .+ N N N N
r O cD tD N M MN of m O e 40 t-
^"^ m t7i m m N u7
OD O tp t-





I	 C O .r N M V' u) to r m (A O .r N N) f W. to r m
